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In addition to these observational field studies, full-mission simulation studies are being 



DOCUMENT: Psychophysiological impact DOCUMENT: Operational impact 

Circadian rhythms (in realistic, controlled 

(under actual flight conditions) environment) 



members actually flying aircraft. However, cockpit access during line-flying operations is, by 
necessity, highly restricted, and field studies are logistically difficult. Most in-flight research 
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The Morningness-Eveningness Questionnaire (ref. 39) was designed to distinguish between 
morning types” and “evening types.” The extreme groups identified by the questionnaire 
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MOOD CHECKLIST EXAMPLE 



o 


Figure 4. Example of mood-checklist/fatigue-rating page from logbook. One page was 

completed every 2 hr during waking day for each day subject participated in study. 
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Figure 6. Age and airline experience of the 74 participating pilots. 




Mean = 70.7 
S.D. =2.2 
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Figure 7 . Height and weight of the 74 participating pilots. 







Mean = 23.5 
S.D. = 4.2 



Figure 8. Scores on the three scales of the Personal Attributes Questionnaire . 








Mean = 20.0 
S.D. =4.7 



Figure 9. Scores on the three scales of the Work and Family Orientation Questionnaire. 









Mean = 11.3 
S.D. = 3.3 
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Table 3. Summary of Trips Studies 
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the most extreme possible definition of rest-period duration, that is, from last wheels-on in one duty 
period to first wheels-off in the next duty period. The mean rest-period duration calculated from last 
wheels-on to first wheels-off (14.0 hr) is significantly longer (t = -17.52, p < 0.0001) than the mean 
recorded by the pilots in this study in their daily logs (12.5 hr). 
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3-Day Layover vs Wheels On-Off Durations 
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With the single exception of ratings on the question “Difficulty rising?,” the subjective sleep 
measures consistently indicate poorer sleep on trips. Subjects took longer to fall asleep, slept for 
a shorter time, woke earlier, rated their sleep as lighter and poorer overall, and reported 
significantly more awakenings. However, they reported the greatest difficulty in rising after the 
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* 0.05 > p(f) > 0.01 ; ** 0.01 > p(f) > 0.001 ; *** 0.001 > p(f) > 0.0001 ; **** p(f) < 0.0001 . 
Notes: p(f) from 2-way ANOVA (subjects by pretrip/trip/posttrip). 

Local time = GMT minus 4 hr or 5 hr. 
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It should be noted that the sleep episode that occurred at home immediately preceding the trip 
was counted as a pretrip sleep in these analyses. It was, however, curtailed by the early wake-up 
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Figure 17. Durations of pretrip, trip, and posttrip sleep episodes. Vertical bars indicate 
standard errors. Sleep was significantly shorter on trip days ( 1-4 ). 
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Table 8. Sleep Measures on 3-Day vs. 4-Day Trips: Pretrip, Posttrip, and 
All Trip Sleeps (two-way ANOVA) 
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Difficulty falling asleep? (1-5) 
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0.05 >p >0.01; **0.01 >p >0.001; ***0.001 >p >0.0001; **** p <0.0001. 







Table 9. Sleep Measures on 3-Day vs. 4-Day Trips: Pretrip, Posttrip, and 
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Table 11 summarizes these differences. 
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Table 13. Day-Day Comparison of Duty Variables on 
3-Day vs. 4-Day Trips (two-way ANOVA) 
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Figure 20. Average flight hours per trip day for 3 -day trips vs. 4-day trips; 
vertical bars indicate standard errors. 





In summary, more 3-day-trip pilots had naps included in their baseline sleep durations 
against which subsequent sleep loss or gain was calculated, and fewer pilots on 3-day trips found 
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Table 14. Factor Analysis of Mood Adjective Checklist 

Activation 

Efficient 

Clear thinking 

Vigilant 

Lively 

Full of pep 

Hard working 
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Rotated factor loadings 
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Negative affect 
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Annoyed 
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Positive affect 

Friendly 

Pleasant 

Cheerful 

Happy 
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Relaxed 

Carefree 

Defiant 

Tense 
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Happy 
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Indicates highest factor loading for each variable. 
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Ratings on the fatigue scale and the three mood factors all varied significantly among 
subjects, and according to the location at which they were made (fig. 22). Fatigue was rated 
lowest pretrip and posttrip, higher on segments, and highest on layovers. Positive affect was 





Figure 22. Average fatigue and mood ratings separated according to where the ratings were made. 

“Leg” indicates ratings made during flight segments. “Layover” includes ratings made 
on the ground between flight segments, and ratings made during nighttime layovers. 
Vertical bars indicate standard errors. Fatigue was rated on a 100 mm line from 0 
(“alert”) to 100 (“drowsy”). Mood adjectives were rated on a scale from 1 to 5. 



= 9) and the two-way ANOVA comparing subjects and time-of- 



Negative affect Activation 



errors). The variations in fatigue, negative affect, and activation are significant. 
As expected, the daily cycles in fatigue and negative affect are mirror images of 
the variation in activation. Ordinates as in figure 22. 
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Table 19. Percentage of Subjects Reporting Drug Intake, Medical Symptoms, and Exercise 
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Medications of various kinds were used by 34.8% of the subjects at some time during the 
study (table 19). These were classified into the categories: cold remedies (2 subjects); analgesics 
(18 subjects); anti-acids (2 subjects); prescription medication (1 subject); and topical medications 
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7aWe 24. Percentage of Subjects Reporting Symptoms 

Posttrip 
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Figure 27. Percentages of subjects reporting the 3 most common symptoms on each 
of the study days. Shading indicates trip days. 
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34 (77%) provided complete data on meals. To test if the daily number of meals or snacks varied 
before, during, and after trips, two-way ANOVAs (subject by pre/trip/post) were performed 
using the data from these 34 subjects (table 27). 
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Table 28. Meals Before, During, and After Trips, With and 
Without Crew Meals ( two-way AN OVA) 
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0.05 > p > 0.01; ** 0.01 > p > 0.001; *** 0.001 > p > 0.0001; **** p < 0.0001. 









Table 31. Meal Timing Before, During, and After Trips, Comparing 
3 -Day and 4-Day Trips ( two-way ANOVA) 




52 C/2 

- S g.g^ 

g £ 2 1| 

s? a, m « 

■ts -a <*-' to ,t> 

§•§ si's 

<u *« .2? S 

*‘8 

2 o w ^ w 


jh . o .5 g 

is j^C/2 kQ 

2 .3 ~ ^ “ 

05 g.s1£ 


c3 |‘| §§ . 
o f! q gc’S'o g 
^ S w .2 60 52 .&“<=■ 


^.isS'So 

'-'Ori-nSOCo 

• S <3 9 ^ *5 d g 

CL 2 pS 03 ^ * A > 42 

05 »- *- o 3 
O •« T3 ft «.S <U O 

£ O » 0?M X) C 

S . o at -g 0 «, •- 

— S £ OS 2 D « 

'—2 73 ^-ri c« c 

^ O C g CL”0 g 

0>cdg^cg*^£ 
S CL D 2 CL c« ^ 

# S"s |£ • 

J4 a> fl) ^ ^ S 
o S > X h °C 

2 o ’■§ spJc "§ ’2 

U 6. 8 .S .« g .2P 


£ cue 8;3 

“5 O u 

-g -2 s 


5^-0 c 


uTJS'ca « 5 « O 
UCg^MteOO 
>« -e> e ua x) .2 C c o ‘o 
JSn^ooSo^oa 

I “js- £ g-g ° 
E a.2>.2^ § 

= § g£ * § o 

^ 0£o)^^0x:2 
l« r} ti c« Do-CLh § 

CO CL S W)« o O 

H 13 2 ^3 13 *5 


0,0 S 2 


'O 




4.4 Duty Factors and Changes in Behavior on Trips 

Multiple regression analyses were carried out to examine which aspects of duty schedules 
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following longer duty days and later off-duty times. Conversely, more awakenings were 
reported after duty days containing more flight hours and when the next duty period began later. 
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4.4.2 Layover Fatigue and Mood Ratings 
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Table 34. Multiple Regression Analyses of Duty Factors Affecting 
Daily Caffeine, Alcohol, and Snack Consumption 
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the pilot flying showed much greater increases in heart rate than the pilot not flying. During 
descent, the flying pilots showed an average increase in heart rate over mid-cruise of 5.8%, 
whereas the non-flying pilots showed a 1.9% decrease. The significant interaction is a result of 
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7aWe 36. Heart Rate During Takeoff, Descent, and Landing: 
VMC vs. IMC, Flying and Not-Flying (two-way ANOV A) 



pi ' ’ w 

O ^ w 

-3 cd oj) ■ a 

■Js ^ ^ d N O 

Oh <L) V .9 g 

•s §■-■§! I 

if 

o Etf § 

c/3 C uJ , a 

o S2 El, 

Of) £3 <D o 'Sf? C 

b u ,b u ii ^ 
O S 3 

cs ^ a\2 "a *2 
a 2 S «'JS 5 

&j*e 

■ es % *g ^ ■S -2 
3 C O M 

S -r o c r? <8 

8 S 2 5 ^ 5:3 

SJ S 2 &2:S 
.z, o a tru, 

c &5 o *s . <£> 
2 ^3 "Q .S "g -o 

r|s H j .8 

o 5 ^ ^ o 

0 w o ft 

g-s 3 si 22 

1 3 g 

Je T5 jS 13 to c3 
■'S C "2 o J3 

w c3 


groups as the most challenging in terms of duty timing, intensity, and duration. All trips took 
place on the east coast of the United States and involved considerable flying in high-density 






airspace. Data collection covered all seasons of the year. The effects observed are thus expected 
to represent the upper range of fatigue experienced by pilots in predominantly daytime and 
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less frequently on 3-day trips than on 4-day trips. There were no differences between the two 
trip types in daily duty timing, duration, or the number of segments flown. However, the total 
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